Pregnancy and breastfeeding cause temporal bone resorption and can play a role in clinical expression of osteoporosis disease. Objective was to estimate the association between parity and risk of osteoporotic fracture after menopause.
Introduction
Osteoporosis is a disease essentially bound to menopause and ageing. The growing prevalence of osteoporosis is becoming an increasingly important health problem throughout the world. The estimations state a pandemic of osteoporosis in more than 200 million people in the world among which post-menopausal women represent 30% in United States and Europe. It expresses clinically after 50 years by fractures due to low energy traumas [1] . Osteoporotic fracture is due to the conjunction of minor trauma, lowered bone mass, change in trabecular bone microarchitecture and cortical porosity [2, 3] . At least, 40% of osteoporotic women will suffer from one or several fragility fractures in their life [1] .
Pregnancy and breastfeeding are periods of the woman's life with important calcic loss, estimated between 200 to 300 mg daily [4] . This loss cause, in temporal way, a negative calcic balance which is stabilized by bone resorption [5] . Isolated observations of fragility fractures were especially reported in primipares. Their incidence remains underestimated and seems related to a preliminary fragility or an excessive bone resorption at the mother [6] [7] [8] [9] . Albright and Reifenstein reported from 1948 the existence of osteoporotic fractures in two pregnant women [10] .
The link between pregnancy, breastfeeding and osteoporotic fractures is not clear in the literature. The loss of bone mass during pregnancy and especially during breastfeeding varies from 1% per month to 10% during the 6 months of lactation. This phenomenon is however reversible during the weaning [5, 11, 12] . The accumulation of reproductive events during woman's life plays a very important role to clinical expression of osteoporotic disease. However, acquired and environmental factors as pregnancy and lactation seem to determinate the severity of osteoporotic disease [13] .
For this purpose, we performed a systematic review in order to estimate the level of association between parity and risk of osteoporotic fracture after menopause.
Materials and Methods

Data source and search strategy
We conducted a review of the medical literature in order to identify all articles evaluating the association of parity and risk of post-menopausal fractures through a search of PubMed, Cochrane, Embase databases from January 1, 1980 through January 31, 2016 applying the following combined search keywords: (parity OR pregnancy OR lactation OR breastfeeding OR reproduction) AND (bone OR bone mineral density OR osteoporosis OR fracture). The bibliography of relevant articles was also searched. The search was restricted to English and French literature. Two reviewers (DD, GW) reviewed titles and abstracts to identify studies likely to report association between parity with fracture and subsequently obtained the full texts (Figure 1 ).
Study selection criteria
To be eligible for inclusion in this systematic review, studies had to meet the following criteria: I. Having a human prospective, retrospective, case control or cross sectional design; II. Including a female population of premenopausal, menopausal or postmenopausal status; III. All fractures diagnosis had to be based on clinical and/or imaging studies (radiography, bone densitometry, scanner); IV. Having result of study evaluating the risk for one or overall fractures according to parity and expressed results with univariate and/or multivariate adjusted OR (Odds Ratio) or HR (Hazard Ratio) or RR (Relative Risk) with a Confidence Interval (CI) of 95%, with or without p value.
We excluded papers reporting case reports, reviews, commentaries and letters, studies about mechanisms of Pathophysiology and evolution of bone mass during pregnancy or lactation or after deprivation of lactation as well as animal's experimental studies, studies about only Body Mass Density (BMD) evolution according to parity or lactation at menopause, studies about only the association between breastfeeding and fracture risk, studies in which the criteria of evaluation were not sufficient. Studies where fractures or low bone mass were due to hematological or endocrinological diseases (pex multiple myeloma, hyperparathyroidism, Cushing disease etc.,) or were medically induced (use of corticoids or…) were also excluded.
Data extraction and quality assessment
Two investigators (DD, AA) reviewed independently each eligible manuscript and extracted data on general characteristics of each study including first author's name, year of publication, study design, setting and follow up. We present data also as far as characteristics of studied population (sample size, age, and menopausal status when given) and compared groups as well as data concerning the studied outcome and the type of the statistical analysis (univariate and/or multivariate analysis) used for the extraction of the main outcomes. Studies were also organized regarding methodology and quality of proof. A label ranging from A to C was attached to each publication. According to French recommendation, a grade A is established on a scientific proof established by one studies of strong level of proof for example comparative tests randomized of strong power and without major bias, meta analysis of randomized controlled essays, analyzes of decision based on well led studies. A grade B is based on a scientific assumption supplied by studies of intermediate level of proof: for example, comparative tests randomized by low power, well led not randomized comparative studies, cohort studies. A recommendation of grade C is established on studies of lesser level of proof for example, case control studies, series of case [14] . When available, ethnic origins were taken in account.
Results
Characteristics of the included studies
A total of 17,880 studies were found through literature search. The majority of them (17, 659) were excluded based on title and abstract. From the 221 remaining studies, 29 studies were chosen to be evaluated in this systematic review based on full text ( Figure 1 ).
Twenty nine studies presented data of association between parity and risk of fracture. Twelve studies included European population, eight studies North American population, one study South American population and two others a maghrebian population. Four studies were conducted in an Asiatic population and finally two studies in an Australian population. The follow up period varied from 1 to 29 years.
The risk of fracture was studied in 13 prospective, 7 transversal and 10 retrospective studies. Among these studies, 12 were grade B and 16 grade C. The publication of Petersen et al., [15] gives one part of prospective results (grade B) and one part of transversal results (grade C). It is about 17 studies examined the risk for hip's fracture, 8 the risk for vertebral's fracture, 7 the risk for wrist's fracture and 5 the risk for all fracture (Table 1 and Figure 2 ). [17] [18] [19] [20] 22, 23, 26] with a follow up between 3-20 years, one cross sectional [32] and two retrospective [37, 40] . These results were found by multivariate adjusted analysis in eight studies [18] [19] [20] 22, 26, 32, 40] . Only three studies found a significant increased risk for vertebral fracture in Moroccan women (OR = 1.09, IC 95% [1.00-1.18], p = 0.031), [30] all fracture in Asian's North Americans parous with five or more children (HR = 1.65, IC 95% = [1.06-2.56]) [17] and hip fracture in Japanese parous with five or more children (RR = 2.53, IC 95% = [1.07-6.68]) [27] . In one study [17] Figure 2 ). It is necessary to note that no study on the American, European and Australian populations found a negative effect of the parity on the bone after the menopause. The only studies having found a higher risk for fracture resulted from an evaluation on the Asiatic or North African populations [17, 27, 30] (Table 2 ).
Characteristics of the included population
* Table 1 legend
Association between parity and hip fracture risk: Data concerning hip fracture risk were included in 17 studies [15, [18] [19] [20] [21] [22] [23] [24] 27, 31, 32, 35, 36, 38, 39, 42, 43] . Five studies [18] [19] [20] 22, 32] found a statistically significant reduced risk for hip fracture in parous compared to nulliparous (IC 95% variation However, an increased risk for hip fracture was found in one prospective study concerned women with five or more children in Japanese postmenopausal population [27] .
Association between parity and vertebral fracture risk: Eight studies evaluated the association of vertebral fracture to parity [16, 18, 20, [28] [29] [30] 33, 34] . One of them [23] Association between parity and wrist fracture risk: Seven studies examined the risk for wrist fracture [18, 20, 21, 26, 31, 41, 43] . One of these studies [26] found that the risk for wrist fracture was reduced in parous compared to nulliparous (IC 95% variation of HR = 71[0.52-0.97]). This result was confirmed by a multivariate analysis.
Discussion
The impact of pregnancy on the risk of osteoporotic fracture in postmenopausal women is controversial. This systematic review analyzed the results of 29 selected clinical studies concerning the relationship between the risk of osteoporotic fracture at menopause and parity during the reproductive period of women.
Only three studies, two prospectives [17, 27] and one observational [30] associated parity to an increased risk of osteoporotic fracture after menopause. They involved, respectively, Asian-American, Japanese and North African populations. In all three studies, trabecular and cortical bone compartments were affected. The risk of fracture appeared in multivariate analysis to be associated with parity 5 or more . This increased risk should be compared with the decrease in bone mass density, because fracture risk doubles for each point reduction in T-score [44] . Early pregnancy, its impact on the acquisition of peak bone mass [45, 46] , poor contraceptive use and the impact of ethnic factors and/or nutritional habits (daily calcic ration) can be discussed. This negative link between parity and the fracture risk is limited to Asian women [17, 27] . In all others studies in this population, even if not negative, now beneficial link is described [28, 34, 36] . At least, the Moroccan study show a negative link between parity and fracture risk, but exhibit methodological pitfalls: lack of control group, primary objective limited to worsening of vertebral fracture and no evaluation of osteoporotic fracture incidence [30] . In none Asiatic women, no data were support the hypothesis of a negative relationship between multiparity and fracture risk.
Ten out of the 29 studies reported a decrease in fracture risk in menopausal women that was attributable to parity. The majority of these included a Caucasian population. The risk of vertebral and non-vertebral fractures was reduced by 6% to 50% among menopausal parous compared with nulliparous women [18] [19] [20] 26, 37, 40] . This reduced risk appears only beyond 2 to 3 pregnancies in four studies [17, 22, 23, 32] . A reduction in the risk of vertebral fracture more than 50% (HR = 0.44[0.26-0.76]) was reported by Trémollieres et al. [23] . In case-control studies, Michaelsson et al., [32] and Hillier et al., [20] found a reduced risk of hip fracture from 8% to 10% per child in postmenopausal women. The impact on the risk of wrist fracture was specifically assessed by Honkanen et al., [26] in a large prospective study of 11 798 pre and postmenopausal women. The risk of wrist fracture in multivariate analysis was reduced by 30% (HR = 0.71[0.52-0.97]) among women with parity compared with nulliparous. The meta-analysis of Wang et al., [47] has included 10 prospective studies about parity and fracture in postmenopausal women. This paper is in accordance with our conclusion as it reports that increasing number of parity is associated with linearly reduced hip fracture risks among women. The osteoporosis fracture and hip fracture risks of parous women with at least one live birth were reduced by 11% and 26% respectively. The risk reduction for hip fracture was 12% for each one increased live birth.
These beneficial effects on all bone compartments are partly explicable by pathophysiological mechanisms and mechanical changes in bone structure. Bone loss during pregnancy and lactation are associated with hypersecretion of Parathyroid Hormone-Related Protein (PTHrp) and a fall in estrogen impregnation [48] [49] [50] . Increasing parity leads to functionally iterative estrogen deficiency. This promotes increased bone diameter by increasing periosteal apposition and endosteal resorption [51] [52] [53] [54] . Mechanical resistance in torsion and flexion of a hollow cylinder increases exponentially with its diameter when the amount of material remains constant. This applies to the diaphyseal bone that undergoes a beneficial transformation during pregnancy, with no change in bone mass density or a slight decrease [53, 55] .
However, conclusions from the included studies should be examined carefully because of important heterogeneity in studies. Studies differed considerably in their sampling profiles, follow-up times, and the extent of exposure to the risk of fracture. Regardless of the bone site and the population studied, the problem of reproducibility is addressed most often in retrospective studies data. In generally data in this synthesis of the literature suggest that multiparity do not generally appear to be deleterious to bone during the menopause.
The results of these studies provide no evidence for an association between pregnancy and an increased risk of osteoporotic fracture. Referring to the aggregate risk without stratification according to the number of pregnancies, the majority of studies in this systematic review agree that there is no significant influence of parity on fracture risk after the menopause either by population or bone site [15, 16, 21, 24, 25, 28, 29, 31, [33] [34] [35] [36] 38, 39, 41, 42] . In agreement to these results, Henderson et al., [56] reported that postmenopausal osteoporotic risk is not affected by the occurrence of multiple pregnancies during lactation in multiparous women with more than five children. Our results confirm also the findings of Karlsson et al., [11] who reported a neutral or beneficial effect of pregnancy on osteoporotic risk after the menopause. A doubt remains for Asian women in whom osteoporotic risk increase as been described for five pregnancies or more. Additional studies are needed to clarify this point.
Conclusion
According to this review, pregnancy does not seem to be associated with an increased risk of osteoporotic fracture after menopause. Most of the studies agree on the absence of a significant effect, regardless of the population and the bone site. However, a non-negligible number of studies (especially Americans, Europeans and Australians) report a protective effect in bone by increased bone diameter due to increased periosteal apposition and endosteal resorption. Contraceptive use and the impact of ethnic factors and/or nutritional habits (daily calcic ration) could also be discussed in the studies on Asiatic or African population where a negative impact was reported. According to our analysis, the types of sample chosen and the study designs used explain at least partly these differences. Other powerful and rigorous studies are required to elucidate the link between parity and osteoporotic risk especially in Asian population. They will provide a basis on which to recommend preventive practices.
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